Purpose Diabetic macular oedema (DMO) is a leading cause for visual impairment in the working age population in the UK. Ranibizumab has been shown to be effective in treatment of DMO in studies based on mainly Caucasian populations. This study reports the 12-month outcome in a cohort of South Asian subjects with DMO treated with ranibizumab. Methods DMO in 51 eyes of 41 South Asian patients was treated with ranibizumab 0.5 mg according to the modified DRCRnet protocol I. Visual acuity (VA) and central macular thickness (CMT) were recorded at baseline, 3, 6, and 12 months. Results were compared for eyes with different baseline visual acuities and different baseline macular thicknesses. Results Over the 12-month period, the mean ETDRS VA increased from 55.3 ± 13.4 letters to 63.8 ± 15.2 letters for all eyes. At 12 months, 70.6% eyes gained 5 or more letters acuity and 17.6% eyes gained 15 letters or more. During the same period, the mean CMT decreased from 532 ± 129 to 318 ± 136 μm. Eyes that had received previous laser treatments had a mean letter gain of 9.2 letters, compared with 8.5 for all eyes at 12 months. Conclusions Ranibizumab 0.5 mg is safe and effective at reversing vision loss due to DMO in patients of South Asian origin at 12 months. Ranibizumab treatment appears to be effective in patients with longstanding DMO who received prior laser treatments. Further studies are needed to define the longterm outcome in patients of different ethnicity and DMO.
Introduction
Diabetic macular oedema (DMO) is a significant sight-threatening complication of diabetes, occurring in 8.9% of type 1 diabetics and 4.7% of type 2. 1 Several multi-centre randomised trials have demonstrated the efficacy of ranibizumab for DMO. [2] [3] [4] [5] [6] Ranibizumab has been introduced as a treatment option within the NHS, for DMO where central retinal thickness exceeds 400 μm (http://guidance.nice.org.uk/TA274/ Guidance/pdf/English).
The prevalence of diabetes as well as the severity of diabetic retinopathy is higher in South Asians compared with Caucasians. [7] [8] [9] [10] [11] Furthermore, diabetics of South Asian origin are twice as likely to develop DMO as Caucasians. 1 However, the pivotal studies on ranibizumab use in DMO were primarily based on Caucasian populations, resulting in little useful data on South Asians. This paper describes the first cohort of South Asian patients with DMO who underwent ranibizumab treatment for DMO and completed 12 months follow-up.
Materials and methods
From the Macula Service database, all consecutive South Asian patients who had received an initial intravitreal ranibizumab 0.5 mg treatment from February 2013 to November 2013, with a minimum of 12 months follow-up were selected. The real-life data were captured on electronic patient records (Medisoft Ltd, Leeds, UK) and digital retinal images with reports were assessed from the image database. All South Asian patients meeting NICE guidelines for DMO treatment were eligible for this study. The exclusion criteria followed Ranibizumab smpc. Thus, all consecutive South Asian patients receiving ranibizumab treatment for DMO were included in the study.
Each patient had a systematic assessment for both eyes including ETDRS visual acuity (VA) letter score, SD-OCT scan, and retinal examination at each visit scheduled 4 weeks apart. VA was measured with each subject's distance spectacles if worn habitually. Baseline was defined as the date on which the first ranibizumab injection was given. The 3-, 6-, and 12-month appointments were all within 3 weeks of 3, 6, and 12 months post baseline, respectively. At each visit, the central macular thickness (CMT) was also recorded for both eyes using a spectral domain OCT (Ophthalmic Technologies Inc. (OTI), Toronto, ON, Canada).
A modified DRCRnet Protocol I 12 was used under 'intention to treat' for all patients in this cohort. Patients with DMO received initial monthly injections of ranibizumab 0.5 mg for 3 months. After this period, further monthly injections were given until 'success' or there was no further improvement (o10% reduction in CMT or o5 letters vision gain) or the investigator considered treatment failure. (The 'success' criteria-VA reached 85 letters or CMT was o250 μm). At each visit, the clinical and OCT data were entered prospectively on electronic patient records. Over the period of the study, the decisions to treat/re-treat were carried out by five Consultant Ophthalmologists, three Retina Specialists, and two Optometrist Specialists. All were well versed with the treatment protocol and subsequently, all data were verified by the lead Optometrist (CH). Data were collected on the history of previous treatment for DMO including Bevacizumab, Triamcinolone, and laser, including timing of such treatment(s). Only one eye of one patient received additional macular laser treatment for DMO during the study period. One eye received preplanned PRP laser soon after the first injection.
Statement of ethics
All applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during clinical care of patients and data extraction for this research.
Results
There were 41 patients (24 males and 17 females), with an average age of 63 years (range: 42-88 years) at baseline. The mean HbA1c at baseline was 69 mmol/mol (range 45-104). Of the 41 patients, 10 (5 males, 5 females) needed bilateral treatment, while 31 patients (19 males, 12 females) were treated in one eye only. The data for all eyes have been pooled to include 51 eyes in total.
Nine eyes were treatment-naïve (ie, no previous macular laser, intravitreal Triamcinolone injections, or pan-retinal photocoagulation). Thirty-four eyes had history of prior macular laser (median = 1.0; range = 1-4) and 20 eyes had received pan-retinal photocoagulation on at least one occasion. One eye had prior intravitreal bevacizumab injection and seven eyes had triamcinolone injections. The mean interval from any macular oedema treatment to initiation of ranibizumab treatment was 29 months (range 2-50 months, median 32 months). As there is lead in time for laser treatment in routine clinical practice, these patients would be considered to have chronic DMO.
The mean ETDRS VA for all eyes at baseline was 55.3 ± 13.4 letters (mean ± SD). This increased to 60.0 ± 12.8 letters, 62.3 ± 14.0 letters, and 63.8 ± 15.2 at 3, 6, and 12 months respectively (Table 1) . During this study period, the mean number of injections was 7 ± 2 (range 3-11). The mean (± SD) number of visits per subject over the 12-month period was 10 ±2 with very good compliance. Table 1 shows the number and percentage of patients who gained or lost 5, 10, or 15 letters over the 12 months. At 12 months, most patients (36 out or 51 eyes) had gained ≥ 5 letters. Table 1 also shows reduction in the average CMT over the first 6 months, and subsequent stabilisation Ranibizumab treatment of diabetic macular oedema in South Asians F Ghanchi and CA Hazel between 6 and 12 months. There was a mean decrease in macular thickness of 199 μm and a mean improvement of 8.5 letters between baseline and 12 months (Table 1) . One patient lost more than 15 letters, who had poorly controlled diabetes throughout the study and was diagnosed with ischaemic maculopathy at 12 months (Table 1) . Table 2 shows the percentages of eyes (treatment-naïve and those with prior treatment) whose vision changed either 5, 10, or 15 letters over the 12-month period.
The mean baseline VA for the treatment-naïve eyes was 59.0 ± 10.5 letters (range: 42-73), which increased to 64.2 ± 10.4 letters (range: 45-78) at 12 months. The mean baseline CMT of this group was 519 ± 131 μm, which reduced to 331 ± 107 at 12 months. The 42 eyes with prior treatment for diabetic retinopathy had a mean baseline VA of 54.5 ± 13.9 letters (range: 29-82), which increased to 63.7 ± 16.2 letters (range: 16-85) at 12 months. The mean baseline CMT of this group was 535 ± 130 μm, which reduced to 338 ± 167 μm at 12 months ( Table 2 ).
The data were analysed by subgroups of eyes by their baseline VA (baseline VAo55 letters and baseline VA ≥ 55 letters) as well as the baseline CMT (baseline CMTo500 and baseline CMT ≥ 500). Table 3 shows the baseline and change in VA and CMT for the eyes split into these groups. Figure 1 is a comparison of baseline VA and the change in VA (number of letters) over the 12-month period for all eyes. Subjects with a baseline VA less than 55 letters are depicted on the left-side of the figure.
The ranibizumab injections were tolerated well by all subjects. There were no procedure-related serious adverse events and no reported adverse events. Two subjects suffered myocardial infarction. One patient with a history of hypertension and ischaemic heart disease suffered myocardial infarction 4 months following the first and only injection, and was excluded from the study and these results. The other, with a history of stroke, transient ischaemic attack, and hypertension suffered fatal myocardial infarction 2 months after the end of the study. Neither of these adverse events is thought to be related to the anti-vegf treatment.
Discussion
Several pivotal studies have demonstrated greater efficacy of intravitreal ranibizumab injections for the treatment of DMO 2,3,5,13 compared with sham injections 2, 4 or laser. 3, 13 None of these studies had sizeable South Asian populations. The RISE and RIDE studies had only 3.1% and 5.4% of patients from Asian backgrounds, respectively. 4 The majority of their subjects (78.2 and 80.6%) are reported to be White. The READ2 study also reports a predominantly Caucasian subject group (76% for group 1), which received ranibizumab injections only. 3 Ethnicity is known to influence the prevalence of diabetes, albeit in a complex manner, with many overlapping co-factors. 1, [7] [8] [9] [10] [11] In the UK, the prevalence of diabetes within a population of South Asian background is higher than the general population. 10, 11 Locally, 74.9% of the NHS Bradford City clinical commissioning group Table 2 The effect of treatment on VA for the n = 9 eyes that were naïve to any prior treatment at baseline The effect of treatment on VA and CMT for the n = 42 eyes that had received treatment for diabetic retinopathy or maculopathy (macular laser, pan-retinal photocoagulation, intravitreal Avastin, or Triamcinolone) prior to intravitreal ranibizumab. Table 3 Comparison of age, visual acuity, and CMT data for subjects with poorer baseline VA (o55 letters) and better baseline VA (≥55 letters) and for subjects with thinner (o500 μm) and thicker (≥500 μm) baseline CMT (CCG) population is South Asian, 14 where prevalence of known diabetes is 8.9% compared with 6.7% in similar sized CCGs. 15 The prevalence of diabetes can be 2.5-5 times more common among South Asians than the general population. 10, 11 In addition, DRIVE UK 1 reported that sight-threatening diabetic retinopathy was significantly more prevalent in Afro-Caribbeans (11.5%) and South Asians (10.3%) compared with white Europeans (5.5%). DMO is more prevalent amongst diabetics with an Asian background than Caucasians. 1 Table 4 shows a comparison of mean VA gain, mean CMT change, and average number of injections at 6 and 12 months compared with other ranibizumab studies over 6, 12, and 24 months as stated. 2, 4, 13 The mean VA improvement in ADMOR was 8.5 letters at 12 months compared with 6.1 letters in the RESTORE 13 study, and 10.3 letters in RESOLVE. 2 Ranibizumab and deferred laser group at 1 year reported 8.6 letters gain in DRCRnet protocol I study. 16 The mean baseline VAs of READ2, RESOLVE, and ADMOR are similar, ranging between 55.7 and 60.2 letters. 2, 3, 13 The important differences between these studies and ADMOR is that ADMOR has a higher mean baseline HbA1c. Furthermore, most eyes in ADMOR had previous treatments, which is a surrogate marker for longer duration of DMO.
None of the subjects in this study had recent onset DMO (o6 months), with only 9 of the 51 eyes having had no prior treatment (macular laser, intravitreal bevacizumab, intravitreal Triamcinolone, or pan-retinal photocoagulation). The average number of prior treatments per eye was two (maximum seven treatments) and the mean improvement in VA was 8.5 letters at 12 months. This is also comparable with READ2 where laser-treated patients were switched to ranibizumab in year 2. 3 Interestingly of the 31 eyes with two or more prior interventions, 11 (35%) achieved ≥ 15 letters improvement by 12 months. Paradoxically, none of the 26 eyes with less than two prior interventions, gained ≥ 15 letters improvement. When considering the CMT, the mean difference between baseline and 12 months was similar for the two groups (pre-treated group: 205 μm, naïve group: 173 μm). In agreement with other studies, [17] [18] [19] this finding points to the complex relationship between VA and CMT, implying that simply reducing oedema does not guarantee improvement in visual function. Concurring with DRCRnet study, results from ADMOR imply that patients who had received previous treatments for DMO can still benefit from ranibizumab injections. Conversely, patients with relatively recent DMO may still respond poorly to treatment. Further investigation with greater numbers of subjects is required to investigate the precise cause (or causes) for nonresponders or poor responders.
As can be seen from Table 4 , VA gains of 6.1 to 12 letters for 12-24-month periods have been reported. 2, 3, 4, 13 It was reported that studies with fixed dosing 4,5 had better visual outcomes than studies with prn or extended treatment intervals. 2, 13 However, the recent DRCRNet protocol T study 6 has reported very good results with as Ranibizumab treatment of diabetic macular oedema in South Asians F Ghanchi and CA Hazel required treatment where close monthly follow-up can be assured. There is potential for eyes to gain more vision beyond 12 months (Table 4) when fixed monthly dosing was followed. 4 A longer period of follow-up on the ADMOR cohort can help establish if this is also true in South Asians. All pivotal studies showed a reduction in CMT with ranibizumab injections, however, the mean changes in CMT varied. [2] [3] [4] [5] 13 The mean reduction in CMT at 12 months in ADMOR was 199 ± 184 μm. As OCT thickness varies with different OCT machines, direct comparison of ADMOR CMT findings with other studies needs to be interpreted with care. Nonetheless, the DRCRnet protocol I reported a mean reduction of 169 μm at 1 year in ranibizumab-deferred laser group. 16 The 12-and 24-month mean changes in CMT for the other studies vary greatly (118.7-270.7 μm, Table 4 ), and some of this difference can be explained by patient selection. In the current study, because of NICE guidelines, all eligible eyes had a baseline CMT of 4400 μm. Other studies have either not specified a minimum CMT in their inclusion criteria 2, 13 or specified minimum CMT of ≥ 250 3 or ≥ 275 μm. 4 If the mean baseline CMT was lower, as is the case with all these studies, it would be expected that the change in CMT over time would be less owing to a floor effect. Comparing the 6-month data, the READ2 study 3 required a central subfield thickness of ≥ 250 μm compared with 4400 μm in this study. As expected, the mean baseline CMT in READ2 (420.1 μm) was lower than ADMOR (532 ± 129 μm), thus potentially limiting the reduction in CMT, particularly as 250 μm is considered to be within the normal range for CMT using a spectral domain OCT. 17 The 12-month data for the RESTORE study also showed much less reduction in CMT compared with ADMOR, and similarly the baseline CMT was less (426.6 ± 118.01 μm).
At both 6 and 12 months, ADMOR results show a consistent trend for eyes with poorer baseline VA to have better visual gain compared with eyes with a better baseline VA. However, there is no consistent difference with the change in CMT between the two groups over these two time periods. Although greater numbers are required for statistical analysis of this heterogeneous group, these findings agree with other studies that have investigated the relationship between OCT-measured CMT and VA in DMO. [17] [18] [19] Results show a weak to modest correlation, with at times unpredictable reduction of VA with decrease in CMT. 18 Better understanding of the anatomical changes depicted on OCT is required to specifically assess neuronal survival, which can then be better correlated with VA. 19 Looking at the baseline structure as a predictor for outcome, ADMOR found that the mean baseline VA in eyes with a thinner CMT (55.2 ± 13.4) was not significantly different to the baseline VA of eyes with a thicker CMT (53.8 ± 12.7) (unpaired t-test P = 0.07). The group of eyes with thinner baseline CMT achieved a greater mean improvement in VA at 12 months, than those with thicker baseline CMT, however, the reduction in CMT was less. In general, both groups showed a mean improvement in VA following ranibizumab treatment, yet despite a greater reduction in CMT, those subjects with initially worse oedema, showed less VA improvement. (Table 3 ) Intuitively, thinner the baseline CMT, the earlier the disease state and hence less permanent structural damage and therefore greater the potential for improvement. This trend would favour treating DMO early rather than later.
In the ADMOR cohort, only one eye lost more than two lines of acuity over the course of the study. This eye developed progressive ischaemic maculopathy that was diagnosed at his 12-month appointment. This patient had received prior macular laser and had poor diabetic control throughout the study (HbA1c 84). These factors can adversely influence the efficacy of any intervention.
Although some comparisons can be made between ADMOR and other studies, there are some limitations to this study. ADMOR has small patient numbers, based at a single clinic, with follow-up limited to 12 months, and it is not a randomised controlled trial. However, all consecutive South Asian subjects were selected and they received ranibizumab injections as per the DRCRnet Protocol I. As such, the data provide real-life experience of the effect of ranibizumab on DMO in South Asian eyes. South Asian diabetic patients were selected for this study in order to understand how this particular group of patients responds to ranibizumab in comparison with the (usually mostly Caucasian) populations cited in the literature.
Conclusions
Ranibizumab 0.5 mg is safe and effective at reversing vision loss due to DMO in patients of South Asian origin at 12 months. Ranibizumab appears to have similar efficiency in South Asian patients as reported in the Caucasians. Ranibizumab is effective in eyes with longstanding DMO that were treated previously with laser. Visual and anatomical outcomes similar to previous studies can be achieved in routine clinical practice for treatment of naïve as well as previously treated DMO with ranibizumab. Further studies are needed to define long-term outcome in patients of different ethnicity and DMO.
Summary
What was known before K The prevalence of diabetes as well as the severity of diabetic retinopathy is higher in South Asians compared with Caucasians. Furthermore, diabetics of South Asian origin are twice as likely to develop DMO as Caucasians.
K Ranibizumab has been shown to be effective in treatment of DMO in studies based on mainly Caucasian populations. However, there are little useful data on South Asians.
What this study adds K This paper describes the first cohort of South Asian patients with DMO who underwent ranibizumab treatment for DMO and completed 12 months follow-up.
K Ranibizumab 0.5 mg is safe and effective at reversing vision loss due to DMO in patients of South Asian origin at 12 months.
K Ranibizumab treatment appears to be effective in Asian patients with long-standing DMO who received prior laser treatments.
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